TWO TYPES of adrenergic receptors have been delineated in the cardiovascular system: the alpha receptors, the activation of which results in arteriolar constriction, and the beta receptors, the activation of which produces positive inotropic and chronotropic effects and arteriolar dilatation.' Although several drugs commonly employed in clinical medicine selectively block the alpha receptors,2 until recently the only agents that produced selective blockade of the beta receptors also had a prominent direct sympathomimetic effect, making it difficult or even impossible to study the effects of beta adrenergic blockade in man. 3 Recently, Nethalide (2-isopropylamino-l- [2-naphthyl] ethanol hydrochloride), an agent which is structurally related to isoproterenol, has been shown to block the positive chronotropic and inotropic actions of catecholamines and sympathetic nerve stimulation in animals 4 and to modify the circulatory response to exercise in man 5 without any apparent direct sympathomimetic effect.
One objective of this investigation was to determine the effects of Nethalide on the circulation at rest and during muscular exercise, and thereby to evaluate the role of the beta receptor system on the circulatory state at rest and during exercise in man. A second objective was to ascertain the effects of Nethalide on the circulation of patients with hypertrophic subaortic stenosis. It is now recognized that the severity of obstruction to left ventricular outflow in these patients may be variable and is profoundly influenced by the state of myocardial contractility.6 When the latter is augmented by digitalis glycosides, From the Cardiology Branch, National Heart Institute, Bethesda, Maryland. 84 by the administration of isoproterenol,8f11 or by muscular exercise," the obstruction frequently becomes more severe. Since the beta receptors are stimulated under these conditions, it was of interest to determine whether or not beta adrenergic blockade could modify the severity of obstruction in patients with hypertrophic subaortic stenosis.
Clinical Material and Methods
Fifteen patients, ranging in age from 8 to 42 years were studied. Five patients had normal, or nearly normal, circulatory dynamics and were studied at the time of routine postoperative cardiac catheterization. Three of these were patients in whom valvular pulmonic stenosis had been relieved, one a patient in whom a ventricular septal defect had been closed, and one a patient in whom a patent ductus arteriosus had been ligated. In seven patients the diagnosis of hypertrophic subaortic stenosis was established on the basis of the typical clinical, hemodynamic, and angiocardiographic findings.'2 Three other patients (A.J., R.M., and I.R., tables 1 and 2) did not have measurable intraventricular pressure gradients when studied in the control state. They had, however, all the clinical and angiographic findings suggestive of idiopathic left ventricular hypertrophy13 and each of them developed a significant intraventricular pressure gradient during exercise or during isoproterenol administration. Since the disease process in these three patients is considered to be closely related, or even identical to that in the patients with obstruction in the basal state,'3 all 10 of these patients will be designated as having hypertrophic subaortic stenosis.
The observations in the patients with hypertrophic subaortic stenosis were carried out during transseptal left heart catheterization and the studies in the five postoperative patients were carried out during right heart catheterization. Cardiac output was measured by the indicatordilution technic.14 Arterial pressure and arterial indicator-dilution curves were recorded simultaneously in the patients with hypertrophic subaortic stenosis through two indwelling arterial Circulation, Valume XXIX, Januarfi 1964 The effects of Nethalide on the response of heart rate (A) and R.V. dp/dt (B) to injections of isoproterenol (ISO.). In each instance the first column represents the control observations and the second column the findings after isoproterenol. The third and fourth columns represent the control and post-isoproterenol observations after Nethalide. stenosis the cardiac output fell by more than 12 per cent, and in these individual patients the declines are considered to be significant, since the differences exceeded the error of the method.14 The maximum rate of pressure rise in the right ventricle (max. dp/dt) decreased in four of the seven patients studied and remained unchanged in the other three patients ( fig. IC ). In the patients in whom the max. dp/dt fell, the right ventricular systolic pressure and heart rate had also declined slightly. 2A ). With one exception, the elevations of the max. dp/dt produced by isoproterenol were also eliminated; in one patient without hypertrophic subaortic stenosis the augmentation of the dp/dt was reduced ( fig. 2B) fig. 7) , while in the other three patients the increases of the outflow orifices were less striking ( fig. 8 ).
In patients with hypertrophic subaortic stenosis, Nethalide also modified the circulatory dynamics determined 2 to 3 minutes after exercise had been discontinued. At fig. 1 ). These findings suggest that activity of the sympathetic nerves innervating the heart in resting, supine man exerts only a slight tonic influence. Nethalide, however, reduced the augmentation of heart rate and of the rate of pressure development in the right ventricle produced by muscular exercise (figs. 6A and C), attesting to the importance of the sympathetic nervous system in mediating the circulatory response to exercise in man. '8' 19 Although the degree of blockade of the sympathetic nerve impulses to the heart resulting from 1.5 mg./Kg. of Nethalide is uncertain, the unequivocal alterations in the response to exercise following Nethalide indicate that this dose does indeed have significant effects. The residual increase in heart rate produced by exercise after Nethalide may be due in part to the release of vagal inhibition that occurs during exercise.
The maximum rate of pressure development during isometric ventricular contraction (max. dp/dt) is influenced not only by the contractile state of the myocardium, but also by the heart rate, and the right ventricular systolic The effects of Nethalide on the increases in heart rate (A), cardiac index (B), and maximum rate of pressure increase in the right ventricle (R.V. dp/dt) (C) produced by muscular exercise. and end-diastolic pressures.17' 20 The marked increases in the dp/dt which were observed during exercise and following the administration of isoproterenol can be explained only mentation of dp/dt produced by exercise or isoproterenol results from the positive inotropic influences of these stimuli. The ability of Nethalide to abolish or to attenuate markedly these augmentations of the dp/dt (figs. 9 and 10) indicates that the drug blocks not only the chronotropic but also the inotropic effects of beta adrenergic stimulation in man.
In this connection it is of interest that Nethalide has also been shown recently to block the decrease in left ventricular end-diastolic and end-systolic dimensions produced by isoproterenol in man.
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Figure 9
The effect of exercise on heart rate, right ventricular (R.V.) systolic pressure, and maximum R.V. dp/dt during the control period and after Nethalide in a patient with hypertrophic subaortic stenosis. lar hypertrophy reduces the lumen of the outflow tract during systole but does not narrow it sufficiently to produce a pressure gradient in the basal state. Further reduction in the systolic dimensions of the oufflow tract produced by sympathetic influences acting upon the heart will regularly lead to the development of a significant pressure gradient in such patients. The data presented in this investigation (tables 1 and 2) are entirely consonant with this view. It has also been observed that some patients with hypertrophic subaortic stenosis or idiopathic left ventricular hypertrophy, complain of dyspnea, chest pain, and dizziness or syncope, not only during exertion but also after the cessation of exercise. It is therefore of interest that immediately after exercise the severity of obstruction, as assessed hemodynamically, may be even more intense than during exercise ( fig. 11 ) (table 2, patients E.L. and G.B.). It appears reasonable that immediately after the end of exercise the combination of the sudden reduction in venous return to the heart, coupled with a persistently low systemic vascular resistance and some continuation of the sympathetic stimuli to The effect of 2.5 ,ug. isoproterenol (ISO.) on heart rate, right ventricular pressure (s = systolic, d = diastolic), and maximum R.V. dp/dt before Nethalide (left) and after Nethalide (right mm. Hg made a critical appraisal of tlhis approach possible. Nethalide had little effect upon the severity of obstruction at rest in the 10 patients with hypertrophic subaortic stenosis who were studied. This finding is consistent with the concept that the sympathetic influences acting upon the heart play a relatively minor role in resting, supine man. Therefore, these data provide little evidence that Nethalide would be helpful to patients with hypertrophic subaortic stenosis during resting conditions. When the augmentation of sympathetic influences acting upon the heart was prevented by Nethalide, the increased obstruction to left ventricular outflow that occurred during and after exercise prior to the drug was not observed. Thus, Nethalide reduced the elevation of the left ventricular systolic pressure and the systolic pressure gradient, and the diminution of the effective outflow orifice during and immediately after exercise and following isoproterenol administration (tables 1 and 2). From these observations, Nethalide may be beneficial to some patients with hypertrophic subaortic stenosis, and to some of those with idiopathic left ventricular hypertrophy in whom a pressure gradient can be provoked by sympathetic stimulation.
It is possible that the patients with hypertrophic subaortic stenosis do not constitute a homogeneous group in their responses to sympathetic stimulation. If this is the case, Nethalide might be expected to provide varying degrees of benefit to these patients. Furthermore, our observations were all of an acute nature and no evidence has yet been obtained concerning the effects of the chronic administration of Nethalide. Accordingly, enthusiasm for the use of this drug in the routine treatment of these patients is not yet justified. Finally, the possible carcinogenic effects of Nethalide, suggested by studies in which extremely large doses were given to mice for prolonged periods of time,26 should be clarified prior to the widespread clinical use of this drug.
Summary
The circulatory effects of blocking the beta adrenergic receptors with Nethalide were Circulation, Volume XXIX, January 1964 studied in 10 patients with hypertrophic subaortic stenosis and in five postoperative subjects undergoing right heart catheterization.
In the resting state, the heart rate and tlhe rate of pressure development in the right ventricle diminished slightly, but cardiac index was not altered by the administration of Nethalide. These observations suggest that tonic sympat-hetic activity is not of major importance in basal subjects in the supine position. Nethalide attenuated the increase in heart rate and right ventricular dp/dt associated with exercise, and abolished the response of these two variables to the administration of isoproterenol. In the patients with hypertrophic subaortic stenosis Nethalide had little effect on the severity of the obstruction at rest, but reduced the intensification of the obstruction produced by exercise or isoproterenol. The 
